The model's terminal horizon, T, is when condition-dependent reproduction occurs. The time span preceding T is divided into 20 s time units, t, and decisions are made every t. The model has 2 internal state variables: X (t ) = x represents energy reserves at t and Y (t ) = y represents oxygen stores at t. Their 'discretized' values (see Appendix 2) are 0 to 45 and 0 to 11, respectively.
State dynamics
Here we describe how decisions affect state variables at the subsequent time period. A seal at the refuge or at a surface habitat can decide to remain or switch habitats. If it stays at the current habitat,
where α h,d is the energetic cost of Decision d made at Location h; the constant y k = 6 represents oxygen stores when not diving (i.e. at the refuge or during surface transit); β = 1693 and z = 0.0007 are scalars (Appendix 2) determining the shape of the oxygen-gain curve as a decelerating function of Y(t) = y (see Kramer 1988) ; μ shark (h, d ) and μ orca (h, d ) are the probabilities of predation by sleeper sharks Somniosus pacificus and killer whales Orcinus orca, respectively, when making Decision d at Location h.
If seals decide to switch habitats, D (x,y,h,t ) = d, with (h,d ) one of (0, 25), (25, 0) , (0, 150) , (150, 0) , (25,150), or (150, 25) , and
If a seal at the surface of a foraging habitat chooses to dive, or a seal at a foraging patch chooses to ascend, then D(x,y,h,t) = d, with (h,d) one of (150,1), (1,150), (150, 5), (5,150), (25, 2), or (2, 25) and
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, When a seal at a depth stratum (h = 1, 2, 5) chooses to remain (h = d), there are 2 possible outcomes. First, the seal may encounter and capture prey with probability λ h and then (A4) where g h is energy gain at location h if prey are captured and c = 2 is a constant representing the added expenditure of chasing and handling prey.
If the seal does not encounter prey, with probability 1 -λ h , then
Let F (x,y,h,t) be the maximum expected reproductive success at T, given that X(t) = x, Y(t) = y, H(t) = h, and the seal behaves optimally from t + 1 until T. Let V d (x,y,h,t) be the fitness value of decision d, as determined by Eqs.(A1) to (A5), for a given time period and set of states. Then, the dynamic programming equations (Clark & Mangel 2000) , which are solved by backwards iteration from the terminal fitness function described later, are as follows for the possible locations:
Terminal fitness function
Next, we assume that ψ and σ are, respectively, the probabilities of producing an offspring that will survive until weaning, and of surviving from T to the following reproductive season, given that X(T) = x. After T, the expected number of pups produced over the remaining lifespan of 20 yr is given by ϕ. Then, the terminal fitness function becomes:
where ψ and σ depend on X(T) = x such that (Tables 1 & 2) and using Eq. (A8) as the terminal fitness function. We ran 9 sets of forward iterations (1000 replicates per treatment) in which initial energy state varied in 5 U increments from X(0) = 5 to X(0) = 45. These bounds correspond, respectively, to 0.11x max and x max . Eq. (A9) was the estimated survival probability from t = 0 to T as a function of X(0)=x. We assume that this function applies to survival from T to the next reproductive season. 
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Finally, ϕ = 5.78, is the expected number of pups produced after T during the potential remaining lifespan of 20 yr, and was calculated as
where y represents years after T. Survival probability from y-1 to y, l x = 0.87, is the average σ (from Eq. 9) for all values of X(0)=x. Fecundity at y, m x = 0.92, was calculated as the average ψ (from Eq. A8) for all seals that survived to T during the forward iterations described above. Our simplifying assumption is that the seal's performance in one year does not predict future performance. We solved Eq. (A6) through backward iteration from Eq. (A7) (Clark & Mangel 2000) .
Forward simulations
Solutions to the dynamic programming equations provided values for an optimal decision matrix for all combinations of state variables and time periods. Based on this matrix, we used forward iterations (Clark & Mangel 2000) to predict behavior and fitness of seals. While forward iterations covered 120 d, computer memory limited the decision matrix to the last 20 d preceding potential reproduction, or Periods T-1, T-2, …, T-86400. The decision matrix, however, had reached stationarity by that point, and we assumed that the optimal policy for the first period of the 20th day prior to the terminal horizon (T-86400) also was optimal for earlier periods. 'Stationarity' at T-86400 was determined indirectly as follows: we ran forward iterations simulating the 120 d season based on baseline parameter values and 2 decision matrices (1000 replicates/matrix). The first matrix was generated with a run of 86 400 periods, or 20 d; the second with a run of 82 080 periods, or 19 d. The time spent at any location during forward iterations was nearly identical when using either matrix.
Experimental treatments (see 'Computer experiments' in 'Methods') were simulated 1000 times each and we interpret results as predicted responses by seal populations with initial sizes of 1000 individuals under the simplifying assumption of no density dependence (Clark & Mangel 2000) . Except for the predator manipulations (see below), behavioral data include only individuals that survived to T, thus simulating the 'risk' manipulations of empirical studies in which modified predators threaten but cannot kill. Comparing our simulations of seals that evaded predators to empirical experiments with sublethal predators is valid because in our simulations only luck, not 'phenotype', differs between surviving and depredated seals. We quantify the relative size of trait-and density-mediated indirect effects of top predators on fish as the proportional reductions of the number of fish eaten by seals due to risk avoidance versus density reduction, respectively. Following Luttbeg et al. (2003) . (A11) and (A12) where fish eaten is the mean number of fish eaten by individual seals during the 120 d simulation period under the given manipulation scenario. The risk manipulation consisted of simulations in which mortality risk per time period from at least 1 predator type was > 0, but included only replicates in which seals avoided predation (i.e. fish eaten = sum of fish eaten by non-depredated seals/number of nondepredated seals). The predator manipulation had the same predation risk as risk manipulation, but included all replicates (i.e. fish eaten = sum of fish eaten by all seals up the point of depredation or the terminal horizon, divided by 1000, the initial population size). No manipulation consisted of simulations without predation risk and also included all replicates (i.e. fish eaten = sum of fish eaten by all seals/1000). For oxygen state Y(t ), we assumed that 105.11 ml of oxygen are consumed per 20 s time unit and that oxygen level can rise from y max = 0 to y max = 3322.21 ml during a 120 s surface interval, with y max allowing a maximum dive duration of 640 s. From the range y max -y min = 3322.21 ml and Eq. (2.3) of Clark & Mangel (2000) , we created the 11 computer values (0 to 10) of Y(t). The oxygen gain function in Eq. (A1) was constructed so that the resulting surface and dive durations were consistent with the range recorded during preliminary observations (A. Frid unpubl. data). Activity-specific energy and oxygen costs are detailed in Table 1 .
Resource-related parameters
In SW Prince William Sound (PWS) during February and March of 2004, 9 harbor seals instrumented with VHF headmounts were tracked from a moving vessel during day and night (A. Frid unpubl. data). While lagging approximately 0.5 to 2 km behind the seal, depthspecific fish biomass was estimated every 1 s and averaged every 1 min using a BioSonics DT4000 echosounder at 70 kHz (Thomas & Thorne 2003 and references within). Data were averaged for 30 min sampling periods and 10 m depth intervals, and stratified into 2 habiAppendix 2. Phoca vitulina. Parameterization of a dynamic state model of foraging decisions by harbor seals in Prince William Sound, Alaska
